The objective of this study was to determine the ecological relationships between bacterial species that colonize infected root canals. Root canal bacteria recovered from one patient with pulp canal necrosis were evaluated in vitro for synergistic and antagonistic activities determined by mono and co-culture growth kinetics and the production of bacteriocin-like substances using the double layer diffusion method.
INTRODUCTION
Microorganisms that inhabit the oral cavity may infect necrotic root canal systems (RCS) and induce inflammatory processes in adjacent periapical tissues. The microorganisms present in these infections belong to a limited group when compared to the potential candidates present in the oral cavity (18, 19) , suggesting that some species are more adapted than others to colonize these sites (29, 30) . There is a predominance of anaerobic species in these infections, and the majority of them can also be recovered from the periodontal pockets (36).
Significant differences have been observed in the composition
of pathogenic microbiota present in symptomatic and asymptomatic cases, suggesting that the structure of the bacterial community might determine clinical symptomatology (5, 25, 26, 35) . Other researches did not find differences in the composition of the microbiota when comparing clinical symptomatology (2, 15) . proteins once thought to be effective only among closely related strains, but broader activity and selective action against distant relatives also occurs (33) . Additionally, they may influence the organization of the biofilm that forms inside the infected RCS by inhibiting the growth of some species that compete for the same ecological niche (16, 27) . Bacteriocin produced by strains of Lactococcus lactis has been used as a food preservative and evaluated as an antimicrobial agent to control dental plaque (13) as well as an endodontic antimicrobial solution (34) . Although still relatively few characterized, it is known that bacteriocins are produced by oral microorganisms.
As the previous literature has rarely assessed microbial interactions in RCS infections, the present study attempted to determine possible ecological factors involved in microbial root canal colonization. We assayed synergistic and antagonistic relationships among strains recovered from one patient with pulpal necrosis (15) as well as their capability to produce bacteriocin-like substances.
MATERIALS AND METHODS

Bacterial strains
The microorganisms used in this investigation were 
Statistical analysis
Data were subjected to the normalization test (ShapiroWilk) and, subsequently, they were analyzed using an unpaired (Student's t test) test (p < 0.05).
RESULTS
Antagonistic assay
The selected bacterial species F. nucleatum and P. prevotii did not produce antagonism activity against itself or against any of the bacteria tested. L. paracasei inhibited the growth of S.anginosus and G. morbillorum (Table 1) . Table 1 . Cross-test for presence (+) of bacteriocin-like activities between the selected bacteria.
Producing Strain Target Strain
A B C D * E * F * G * P. prevotii (A) _ _ _ _ _ _ _ F. nucleatum (B) _ _ _ _ _ _ _ L. paracasei (C) _ _ _ _ _ + + * D-C.
butyricum, E -P. intermedia, F -S. anginosus, G -G. morbillorum + Presence of antagonism; -absence of antagonism
Growth curves assay
In pure culture F. nucleatum showed a log phase occurring in the period of 12-48 hours of incubation and reaching a final cell density of 10 7 CFU/ml ( Figure 1A ). For P. prevotii a maximal cell density of about 10 8 CFU /ml was observed after 36 hours of incubation ( Figure 1B) . A short log phase (between 0 to 12 hours of incubation) was detected for L.
paracasei, as can be seen in Figure 2 .
The presence of P. prevotii triggered a significant increase in the growth of F. nucleatum after 60 hours of incubation (Fig.   1A , p<0.05). Therefore, co-culture did not affect the growth of P. prevotii, as demonstrated in Fig 1B (p>0.05) .
Regarding the co-culture of L. paracasei and F. nucleatum ( Fig. 2A) when compared to the pure culture (Fig. 2B) , despite some statistically difference found in the graphic. Due to the inability to find a suitable antibiotic concentration, the effect of P.
prevotii on L. paracasei was not assessed. Several studies have been assayed bacterial antagonistic activity in root canal microbiota (3, 21) . According to Klaenhammer (14) , lactic acid bacteria produce antibacterial substances that vary in their spectrum of activity, mode of action, molecular mass, genetic determinants, and biochemical characteristics. Their actions can be auto -or heteroantagonistic and affect a wide variety of targets including
Gram-negative bacteria (17) . In this study, L. paracasei presented antagonistic activity against S. anginosus and G.
morbillorum. gingivalis. In a previous study, F. nucleatum recovered from the same infection (15) was shown to survive and translocate to the sub-mandibular lymph node of germ-free mice (22) , to modulate the periapical response through the expression of a particular profile of cytokines in murine root canal infections (23) , and to induce apoptosis in murine lymph node cells (24) .
Most previous studies examining the ecological complexity of root canal infections have shown antagonistic bacterial activity in these sites (2, 3, 16, 21 ). The present study
shows that synergism could also occur. However, these 
